The objective of this work was to quantify the country's NH 3 emissions from livestock production. This calculation was based on the mass flow of total ammoniacal nitrogen (TAN). The analysis was performed for all 15 geographical regions in Chile. The definition of livestock subcategories was based on data from the Chilean Agriculture and Forestry Census as well as technical reports published by the Chilean National Statistics Institute. Significant differences were observed among the sources of livestock emissions in Chile's regions, and there was high variability depending on the degree of livestock confinement. In 2013, the total calculated emissions were 69.1 kt NH 3 /year (± 31.1). The O'Higgins Region had the highest NH 3 emissions in Chile, representing 45% of the total. In terms of livestock production, 45% of the emissions were generated by pigs, 22% by poultry, 16% by cattle, 11% by equines and 4% by sheep. Emissions from the TAN that was available during manure and slurry management and the degree of animal confinement were the primary sources of uncertainty. This uncertainty could be greatly reduced by developing regional emission factors and by including the degree of animal confinement in Chile's national statistics such as the Agriculture, Livestock and Forestry Census.
Introduction
Gas emissions inventories are commonly used to calculate total national emissions and identify major emission sources to develop abatement policies (Webb and Misselbrook, 2004) . The first ammonia emissions inventories for livestock production were calculated by multiplying the quantity of livestock by an emission factor (EF) for each type of animal.
According to Webb and Misselbrook (2004) , Ammonia emissions from livestock production in Chile this approach does not allow for the identification of significant differences in the potential for NH 3 emissions because of differences in diets, and therefore in the excretion of nitrogen, and differences in livestock or the use of manure in different countries or regions. In general, emissions vary widely from country to country depending on the different livestock sectors present, that is, cattle, sheep, pigs and poultry. A recent study quantified the N mineralized rates in permanent grassland fertilized with dairy slurry.
In this study the N mineralization ranged between 320-344 kg NH 4 + -N ha -1 yr -1 (Martínez-Lagos et al., 2015) . Conversely, poultry only produce manure that is primarily made up of uric acid. This compound, along with other labile compounds, can be degraded into NH 4 + -N after being hydrolyzed into urea (Groot Koerkamp, 1994) .
Livestock is the greatest source of NH 3 emissions, primarily from manure. In Europe is estimated that 80-90% of all agricultural emissions result from animal production (EAA, 2009). In particular, this sector represents 96% of total French ammonia emissions (Gac et al., 2007) , and in Spain, livestock is responsible for 78% of agricultural NH 3 emissions (Gallego et al., 2009 contributions from livestock sources in the eastern and western regions of Canada. In the west, cattle were the primary source of emissions, with 49%, followed by pigs with 12%; in the east, pigs comprised the primary livestock source with 27%, followed by dairy cows with 25%. In the U.K., Webb and Misselbrook (2004) estimated that approximately 60% of livestock emissions came from cattle, and 18 and 12% were generated by poultry and pigs, respectively. Xu et al. (2015) performed a study in China, and they estimated that livestock was responsible for 47.5%
of total emission in Chine; Livestock categories with large NH 3 emissions include poultry, pigs, cattle and sheep, which contribute 34%, 29%, 29% and 4%,
respectively. Based on a complete inventory of NH 3 emissions in Galicia (Spain), Gallego et al. (2009) found that livestock was responsible for 89.4% of NH 3 emissions, and fertilizers were only responsible for 7%. Similar to Gallego et al. (2009) 
Methods for determining NH 3 emissions from livestock
According to Webb (2001) , livestock N excretion can be calculated by using three different methods (Table 2) to obtain the quantity of TAN deposited during each stage of manure management. The quantities of TAN available in each manure stage (solid and slurry) are multiplied by specific emission factors to obtain the NH 3 -N losses from volatilization. Table 2 shows the EFs and TAN for the primary livestock categories.
Because the immobilization or loss of TAN reduces the potential for NH 3 -N emissions during storage and subsequent dispersion, the model takes into account the amount of TAN that is immobilized in organic material when the manure is managed as a solid. In addition, the method allows for an estimation of the quantity of TAN that is converted into N 2 O and NO and N 2 , by using emission factors for each gas.
The third method is more precise than the second one and does not have any limitations, to the extent that it can provide demonstrable estimations (EEA, 2009).
Emissions can be calculated for a large number of livestock categories, as long as data are available. In this method, the level 2 calculation model can be used as long as there are specific emission factors for each region or if abatement measures are included.
Methodology

Selection of emission sources
Nitrogen excretions (Nex) and the subsequent of the productive soil surface in Chile correspond to natural and improved grasslands, and the agricultural soils account for almost 10% of soil surface, being concentrated in Central zone (Muñoz et al., 2010 and zinc (Zn) (Nájera et al., 2015) . Frequently, the uncertainty data on quantities or inputs and outputs cannot be derived from the information available because there is only one source of information that provides the average value without information about the uncertainty of that value (Frischknecht et al., 2007) . For this type of information, the uncertainty was estimated by following the matrix proposed by Frischknecht et al. (2007) and adapted by Gallego et al. (2009) . This matrix had been used in Chile by Muñoz et al. (2015) and defines uncertainty in relation to the reliability, temporality and geography parameters. Ammonia emissions from livestock production in Chile (1)
The uncertainties for each inventory datum, scientific article or assumption were calculated by using the uncertainty factors (Table 3) and Equation 1.
Once the data uncertainties and emission factors were calculated for each category, the uncertainties of the total NH 3 emissions were calculated for the inventory by using the propagation of error methodology In the case of Chile, where cattle emissions are 10.9 kt NH 3 annually (Table 4) , cattle represent the third most important source of NH 3 . In this category, 68.2% (10.6 kt NH 3 /year) of emissions are generated by dairy cows and the remaining 31.8% comes from meat production. Within dairy livestock, milk animals contribute the greatest emissions, at 65.2%
of the total (4.9 kt NH 3 /year). In beef production, 60.5% of emissions are generated by nurse cows, heifers and young bulls. In terms of the distribution of emissions during grazing and housing, there are significant differences at the national level because the degree of confinement varies throughout the country. For example, in the Valparaíso, Metropolitan
Results and Discussion
Distribution of NH 3 emissions by type of livestock
In 2013, the livestock emissions totaled 69,148 t In housing, the highest NH 3 emissions are generated during ground applications of slurry (E E6 ) and manure (E E3 ), for totals of 21% and 24%, respectively. The lowest emissions during housing occur during the storage stage, with 6% for solid manure (E E5 ) and 10%
for the slurry (E E2 ). This trend occurs because part of the TAN is mineralized during storage and another part is transformed into N 2 O, NO and N 2 .
In poultry production, which is the second largest source, at 15.5 kt NH 3 year -1 , the livestock are always confined. The greatest source of emissions in this group is broilers, with 71% of NH 3 emissions and 34.7 million heads in 2013, followed by egg layers, with 29%. In this category, the principal emissions are generated during manure application (51%) followed by the deposit of manure in housing (40%). The remaining 9% is generated during manure storage.
Geographic distribution of emissions
Similar to the results obtained in Canada by Carew Region (45%), followed by the Metropolitan Region (16%), Los Lagos (9%) and Bio-Bio (6%) ( Figure 3 and Table 4 time (Smith et al., 2002) . By contrast, milk production systems in northern Chile with intensive confinement are predominant (Carrillo et al., 2011) . Therefore, each zone influences the emissions of ammonia, and NH 3 emission factors have been determined to vary significantly by zone and their respective production characteristics (Table 5) .
Although the degree of confinement is a determinant of the quantity of ammonia emissions, this information is not included in Chile's national statistics. In this sense, the precision of the results could be significantly improved if the National Agriculture and Livestock
Census were to incorporate information about the days of animal confinement
Uncertainty of the results
Based on the data analysis, the national emissions of ammonia have an uncertainty of ±45% as shown in 
Conclusions
This analysis has provided the basis for determining 
